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Abstract. A long-lived meteor trail has been observed at 
wavelengths of 572.5 nm, 557.7 nm, 630.0 nm, 865.5 nm and 
in the near infrared band from 715 to 930 nm. The trail was 
detected at all these wavelengths, with the possible exception 
of 865.5 nm, where its identification was marginal. It was 
seen longest (17 minutes) through the wide band NIR 715 - 
930 nm filter. The fact that the trail was only marginally visi- 
ble in the 865.5 nm (0-1) band of molecular oxygen, and was 
strongest in the wide-band NIR image, raises serious doubts 
about an earlier suggestion that the infrared light from long- 
lived meteor trails corresponds to emissions from molecular 
oxygen excited by the Chapman mechanism. 
Introduction 
For many years there have been occasional reports in the 
literature of meteor trails which persist for up to one hour. 
These observations are usually associated with particularly 
strong meteor showers, such as the Leonids. In a recent pa- 
per, Kelley et al. [2000] have presented some very interesting 
observations of such trails associated with the 1998 Leonids 
event. In their paper Kelley et al. also reproduced an illustra- 
tion from a paper by Trowbridge [1907] who reported early 
visual observations made during the 1866 Leonids. The inter- 
est in this phenomenon lies, of course, in the mechanism 
which can cause a meteor trail to emit light for as much as 60 
min. The measurements of Kelley et al. [2000] went beyond 
anything previously published in that, in addition to obtaining 
images of the trails with the aid of intensified CCD cameras, 
they were also able to track the trails by means of a sodium li- 
dar. By means of such measurements hey were able to show 
that the Chapman [1939] mechanism, generally accepted as 
responsible for the night airglow in the NaD lines, and sug- 
gested by Chapman [1956] as a candidate for long-lived me- 
teor trail glow, would not be strong enough to explain the total 
light intensity seen by a wide-band CCD camera. In this they 
confirm the earlier work of Baggaley [1975]. The purpose of 
the •resent paper is to report the observation of a long-lived 
meteor trail at 4 different wavelengths in the visible and near 
infrared. Although these new observations do not enable us to 
identify the mechanism involved, they do allow us to re- 
evaluate one of the mechanisms uggested in earlier work. 
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Observations 
The observations were made using a Utah State University, 
monochromatic all-sky CCD imager designed for observing 
the airglow emissions [Taylor et al., 1997]. The camera has 
been operating at Cachoeira Paulista, Brazil (23øS, 45øW) 
since the Austral Spring 1998 as part of a collaborative pro- 
gram with INPE. The imager is fitted with a filter wheel with 
filters for the OI 577.7 nm and 630 nm atomic oxygen emis- 
sions, the O2 (0-1) band at 865.5 nm, a wide band near infra- 
red (NIR) filter, passing 715 to 930 nm, and a background 
(BG) filter centered on 572.5 nm. The NIR filter, which 
passes the 8-3; 4-0; 9-4; 5-1; 6-2; 7-3 and part of 8-4 Meinel 
bands, has a notch at 865.5 nm so that it strongly rejects the 
molecular oxygen emission. The characteristics of the imager 
are summarized in Table 1. The images shown in this paper 
cover a roughly 60 ø wide section of the sky centered near 
Right Ascension 0, Declination -36 ø. 
In Figure 1 we show three images obtained through the 
557.7 nm filter at intervals of about 3.5 rain on July 16, 1999. 
The first image, at 05:17:17 UT shows a bright meteor trail 
terminating in a fireball located at a Right Ascension of 7 rain 
and Declination 36 ø. Three and a half minutes later a very 
faint, but typically wind-distorted, luminous trail is still visi- 
ble. In the last image, just over 7 minutes after the initial fire- 
ball, a distorted trail is still just visible. Much clearer images 
of the meteor trail can be seen in Figure 2, where we show the 
images obtained through the NIR filter. The first NIR image, 
obtained just over 3 minutes after the initial fireball, shows a 
bright trail, already showing the effects of wind-distortion. 
The following 4 images show decreasing intensity and further 
wind-distortion. The last image on which the trail is still visi- 
ble was obtained about 17 minutes after the meteor event. 
Note that the NIR sequence shows the normal OH airglow 
emission modulated by a gravity wave propagating towards 
the SW. In Figure 3 we show 2 images taken through the 630 
nm filter. The first image, taken about one and a half minutes 
Table 1. Imager characteristics 
Emission/Filter Exposure Transmission Bandwidth 
Time(s) (%) (nm) 
NIR OH 15 87 715-930' 
BG (572.5 nm) 90 83 2.67 
O:.&.•0-1) (865.5 nm) 90 84 12.0 
OI (557.7 nm) 90 81 2.65 
OI (630.0 nm) 90 83 3.30 
* With a 20.0 nm notch at 865.5 nm. 
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Figure 1. Sequence of images taken through a 557.7 nm ill- 
ter. Times are given in UT. 
visible wavelengths [Chapman, 1939, 1956]. Hapgood 
pointed out that with an exothermicity of 2.5 eV there are 4 
variations of the basic reaction that are energetically and spin 
allowed: 
OH 05:20:30' ' ................ :• ....... • 
OH 05:27:37 
after the initial fireball, shows a short trail, pointing in the di- 
rection of the original meteor tr..ø.ck visible in Figure 1, and a 
curiously diffuse blob, in approximately the position of the 
original fireball. The second image, taken nearly 9 minutes 
later, shows a very faint trail with the shape and position ex- 
pected I¾om the time sequence of much stronger NIR images 
shown in Figure 2. The last figure shows the images obtained 
through the 865.5 nm and 572.5 nm filters. The 865.5 nm im- 
age was taken immediately after the second of the NIR images 
and possibly shows a very faint trail in the same position as 
that seen in the NIR image. We show this image in order to 
demonstrate that any emission in the (0-1) band of molecular 
oxygen was extremely weak. The feature marked "simulated 
trail" in this image will be discussed later. The second of the 
images of Figure 4, taken through the 572.5 nm filter just over 
12 minutes after the initial observation, shows a faint trail in 
the position expected from the NIR sequence. 
Discussion 
To explain long-lived meteor trails observed in NIR air- 
glow imagery Hapgood [1980] suggested that the trails could 
involve emissions from the atmospheric band of molecular 
oxygen excited by the Chapman mechanism, generally ac- 
cepted for the sodium nightglow, and probably responsible for 
a major part of the emission observed from meteor trails at 
0 "05:31'i i 
Figure 2. As for Figure 1, but for wide-band NIR filter. 
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Figure 3. As for Figure 1, but for 630 nm filter. 
NaO(X2•r) + O('•P) --> Na(2S) + O2(X'•Z) 0 eV (la) 
Na(2S) + O2(a•A) 0.98 eV (lb) 
Na(2S) + O2(b •Z) 1.63 eV (1 c) 
Na(2P) + O2(X'•Z) 2.09 eV (ld) 
where the energies si]own are those necessary to excite the 
lowest vibrational state in the upper electronic level. It is es- 
timated that branch d of this reaction, responsible for the Na 
nightglow, represents only about 10% of the total [Clemesha 
et al., 1995], so a significant fraction could go in the direction 
of branch c, leading to the production f O2(b•Z). Kelley et 
al. [2000] discussed this possibility and pointed out that, al- 
though they saw long-lived trails with a CCD camera de- 
signed for imaging the NIR oH bands, they could not exclude 
the possibility that the main emission might have been from 
molecular oxygen, because their NIR filter included the 02(0- 
1) band. In the present work, not only did our NIR filter have 
a notch at 865.5 nm, but we also have an image taken at this 
wavelength. The fact that we see a strong trail with the NIR 
filter, and an only marginally visible one through the 865.5 
nm filter, makes it quite certain that the main infrared emis- 
sion cannot be from the (0-1) band of molecular oxygen. 
Hapgood [1980] pointed out that the Chapman mechanism 
is sufficiently exothermic to excite O2(bl•;) to vibrational lev- 
els up to v = 5: and could thus lead to emissions at many 
wavelengths within the passband of his camera. Our present 
data show that tiiere is negligible mission i  the (0-1) band, 
but does not eliminate the possibility of emissions from other 
vibrational transitions in the NIR. Only recently have bands 
oth. er than the (0-1) and (0-0) been detected in the ten'estrial 
airglow (note that the (0-0) band is strongly absorbed in the 
lower atmosphere and thus is not visible from the ground). 
Slanger et al, [2000] have observed vibrational levels up to 15 
in data from the IllRES spectrometer on the Keck telescope. 
These workers find a total intensity of about 150 R for bands 
with v'= 1-15. Since the (0-1) airglow intensity is typically 
about 300 R, and the transition probabilities for Av > I are 
much less than for Av = 1, about 2/3 of the 02 atmospheric 
band intensity visible from the ground should be in the (0-1) 
emission. Bands corresponding to higher vibrational levels 
have also been observed in the aurora, and Vallance Jones 
[1974] gives estimates for the relative intensity of bands up to 
v'= 7, v"= 9 in his Table 4.15. Summing over all these tran- 
sitions, excluding the (0-0) band, we find that approximately 
50% of the remaining intensity should be in the (0-1) transi- 
tion. We conclude that the auroral and nightglow observa- 
tions indicate that the intensity of the (0-1) band should be at 
least as great as that of all the other bands together, with the 
exception of the (0-0) band, not visible from the ground. 
Since the Chapman mechanism can produce O2(bl•) in vibra- 
tional levels only up to v = 5 (or v = 6 according to more re- 
cent work [Joo et al., 1999]), there is no reason to believe that 
the atmospheric band emission that might result from this 
mechanis•n should have a higher fraction of its total intensity 
in transitions involving high vibrational levels. These consid- 
erations suggest that it is extremely unlikely that emissions in 
the 02 Atmospheric bands excited by the Chapman mecha- 
nism could have produced the NIR glow observed by our 
camera. 
The fact that we saw much the strongest images through 
the NIR filter suggests that the main emission was from the 
OH bands. On the otl]er hand, if this is the case the images 
seen at 557.7, 630.0 and 572.5 nm are unexpectedly strong. 
The P branch of the Oil (7-1) band contains lines which fall 
within the pass-band of the 557.7 nm filter, the 630 nm filter 
should pass lines from the OH (9-3) P branch, and lines corre- 
sponding to rotational levels greater than 6 in the P branch of 
the OH (7-1) band would pass the 572.5 nm background filter. 
In the night airglow, all these components of the Ott emission 
are extremely weak and usually undetectable. Excitation in 
the meteor trail could well be different to that responsible 
the airglow, st) the fact that emissions were seen at the "non- 
OH" wavelengths does not necessarily indicate the existence 
of emissions other than OH. On the same basis, of course, we 
cannot entirely rule out the possibility of an unknown mecha- 
Figure 4. As fi)r Figure 1, but for 865.5 nm (top panel) and 
572.5 nm (bottom panel) respectively. 
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nism that produces a vibrational distribution in the 02 Atmos- 
pheric band quite different to that seen in the airglow and 
aurora. 
Another possibility that wouid explain the much stronger 
trail seen through the wide-band NIR filter is that the main 
emission is a continuum. To investigate this possibility we 
have made a rough calculation of the expected 865.5 nrn sig- 
nal, asstuning a uniform spectral intensity over the observed 
Meinel bands and taking into account the different bandwidths 
and exposure times. Since the sensitivity of the CCD device 
does not vary greatly over the wavelength range involved we 
have neglected this factor. The result is shown in Figure 4 as 
a simulated trail. It is clear that the observed 865.5 nm signal 
is less than that which would be seen in the case of a uniform 
continuum, indicating at the very least that the assumption of 
constant spectral intensity is not valid, and thus providing evi- 
dence against the continuum possibility. 
An interesting feature of the trails seen by other workers is 
the bright edge and dark interior (see for example, Plate 1 of 
Kelley eta!., 2000). Our images have insufficient spatial 
resolution to show this effect - the trails are only a few pixels 
wide. Kelley et al. [2000] suggested that the effect could oc- 
cur if the glow is from Na excited by the Chapman mecha- 
nism and ozone is depleted ip.s'!de the trail, and Zinn et al. 
[1999] suggested that the ozone could be destroyed by pho- 
tolysis during the initial fireball stage of the trail. It seems to 
us that these speculations are unnecessarily restrictive. Any 
process involving reactions between meteoric material and 
atmospheric constituents, most probably odd oxygen or hy- 
drogen, could lead to this effect. The atmospheric onstitu- 
ents would be highly depleted inside the meteor trail, and their 
replenishment would occur via molecular diffusion. This 
would inevitable lead to the glow-producing reactions occur- 
ring only on the boundaries of the trail. Thus the observation 
of a dark interior to the trail makes it ahnost certain that the 
long-duration glow is produced by reactions between meteoric 
Inaterial and atmospheric onstituents, rather than by a proc- 
ess which involves only the meteor material. 
A final point of interest is the diffuse emission visible in 
the first 630 nm image taken about 90 seconds after the initial 
fireball. This emission region is wider than the trail seen in 
any of the other images, and must thus exceed the boundaries 
of the region in which meteor ablation products are depos- 
ited. This could be a remnant of the i,fitial fireball, but we 
might also speculate that the glow results from the recombi- 
nation of atmospheric constituents dissociated by the initial 
intense UV radiation from the fireball. 
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